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Report NOomlouful-
Jenuary, 1947,

BOYAL ATRORAFT ESTABLISHMENT, “FARNBOROUGH o

Preliminary Report 3

Visual approach and landing aids for airoraft.
A theoretiocel analysis ~f some findemental
uspsots ¢f the problem by means of

perspectivs diagrems

by
E.S.Calvort, B.5Ce, AsR.CeS0.Ie

ReA.E. Ref: IEL/G.3232/159
SUbil (ARY.

Various arrenganonts ¢f ths approach and runway lights are analyssd
using perspsctive diagrems, i.s. diagrams whioh show ths exact geometriocal
appcarance of ths pattems seen by the pilot, and it is shown that in bad
viaibility the infoxrmation givem to ths pilot by sxisting pattemns is
both insuffioient and ambiguous. Attention is alsc. drawn to the soale
offects which are introdured into the rummy lighting pattern whem
different spacings are used by different ocowntriss, and it is pointed out
that thess sffoots can only bs avoided by intsmational siandardisation.

As a result of this analysis, a new pattexn is proposed for the
approach lights econslisting of "horizon bars" arrenged trensversely to
the extonded oentre lins >f ths rmmway. It is shown that these oan bs
made to indicats beth height and renge even when only one bar ls seen,
and it is hoped that this +illl enablec ths pilot to mako a safe approach
by visual means even in poor visibility once hs has plcksd up tho
lights. 1In tho ocse of the runway lights, it is suggosted that soale
sffsots oould bo ovoroome by adding a atandardissd scale fixing patterm
or "contaoct mat" at the point of touch downe
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1 Igtroduotion

1.1 Installations for the full scale trial of various patterna of
approach and runway lights are expensive, and the time taken to cbtain e
results may run into several years, It is therefore desireble that 3'c
the fundamental requirements be clearly formulated, and that every new
pattern be systematically analysed to see whether it meets these
5 requirements, partiocularly under conditions of restricted visibility.
The writer has found that this analysis is facilitated to an extra-
ordinary extent by the use of perspective diagrams, i.e. dilagrams whioh
reproduce the exact geometrical pattern which the pilot sees at any
glven stage of the approach or landing., The object of this repert
, is briefly to present the results of applying this method of analysis
* to the approach and landing aids, in the hope that thesc results will
_ prove useful to those engaged on the urgent task of international
standardisation,

1,2 Preparations for the full seale trial of the new pattem of
approach lights proposed in this rcport are now in hand, and until

these trials have been completed, the question of vhether safo landings
joan in faot be made on this pattern will remain unscttled. However,
even if this particular pattemrm proves to be unsatiasfactory, it is
submitted that the method of attack on this problem will remain a
fruitful one, and should be exploited by all vorkers in this ficld in

- the hope that a zolution, if it exists, may be found as soon as possible,

1,3 This repcrt is intended to be read in conjunction vith R.ALE. 1
Report No. FL.1J13, which explains in detail how perspective diagrems
. oan readily be made. However, for the convinicnce of readers who i
already have a kmowledge of perspective, Fig,1 from that report N '
has been reproduced as Fig.1 of the present reporte This diagram . o
. 11lustrates the terms which arc most oommonly used in perspective, and . '
is all that such readers will require in order to follow the discussion ’
given below,

2 ‘Geneml requirements for all approach systems

2,1 From his ewn experiencos and the discussions which he has had with

. others, the writer has come to the oonclusion that anyone learning to

control a moving wehicle first unconsciously identifies himself with

it, and thereafter thinks of it as an extension o himself, In other .
words, the would-be pilot of an aireraft hss to "grow wings". The H
process of learning then consists in acquiring a chuin of oonditioned

reflexes linking the movements of the controls with the movements of

oertain significant parts of the ocuter worlds (In the case of an

aireraft making an approach, thcse are the horizon and tho runways.) .
When a pilot has to fly blind in f'og, the outer world is'blotted out, :
and movements of the controls result in movements of pointers on dials, ¥

and a sustained and conanious effort is required from him in order to
interpret them, In these conditions it is imposzible for the pilot
to regard the aireraft as an extension of himself, and he is forced
to take up the mental attitude of a controller loeated outside the
. aireraft, and to acquire a new chain of reflexes linked to these
©  pointer movementss When by intensive training he has succecded in
doing this, flying on these pointer movemonts may be reasonably easy
s provided he rerfrains fran lookipg out of the cookpite If, however,
the pilot dees look out, and begins to reeceivi impressions from the
cuter world, then hc s likely to rcvirt to his normal mental
identification of himself with tho aircraft, and will have difficulty
in going back te instruments, . The first requirement for the visual
approach aids is therefore that they shall form u complete system in

e




view cf the second requirement stated above it is necsssary to
be clear as to the bemviour of the pattsmm which is significant for
Judging the spprosch, i,e, that fdrmed by the runway and the horison.
Let us thereforec consider an airoraft approaching the end of a rummy
an angle & =8 shown in Fig.2, and make perepective projections of
this pattsm on a vertisal picture plane arrangsd at right anglss to
the vertical plane through the longitudinal axis of the airoraft,
Let us also imagine that this aircraft is equipped with an optiocal
‘. sighting.devics similar to a reflector gunsight, which projects on the
ploture plane a vertical line which ooincides with the direction of
when the aircraft is flying on a straight path without bank,
Then ths pattsm ssen by ths pilot when the aircraft is at point A
7 on the oentre line of ths runway, and is heading oorrectly is shown
in Fg.3. If ths pilot now operates the controls so that the aircraft
makes a flat turn to ths left, he will sec the runway move laterally
to the right of the fixed aighting line as shown in Figede In:
| sddition, the apparent shape of the rumway will change slightly in that !
the short sidss- of the notangle vhen p.oduced far enough meet on the o
hozizm. $

&

3.2 Now imagine that there are lines on the ground parallsl to the

runway and sxtending in front of the aircraft to infinity, When the

airoraft is at A, thess linss would appear to the pilot to radiats from §

the point H whsre the fixed sighting line cuts the horizen, as shown J

in Fige5e If the aireraft-is flying on ths oorrect compass oourse, !

but is laterally displaced to point B on the line marked "5", then the '

pattsrm seen by the pilot will be as shown in Fig.6, that is, it will

‘appear to have rotated round He In this oase the apparent shape of

the runwey will have changed very considerably. It should be notsed,

t}:zwmr, that ths short edgea.of the reotangls still appeu- to. be |
rizontal, -

3¢3 Now if e ~gain supposs the aircraft to be at A but to 'bs ‘banked
. instead of level, then the 5 lines shown in Fig.5, togethsr with the

hordzon, will appear to have rotated about the point where the axis

of roll intersects the ground, Sincs this point is olose to H, it

follows that if the horizon were missing, the pilot would have some

diffioulty in deciding from the ground indications whether the rotation 5
vas due to bank or to lateral error. This is exaotly what happcna in .

bad visibility vhen stmaight lines arranged in this manner are used

as approach aids, S

304 In addition to lining up on the rummy, tite pilot has to adjust ° 2
his height so that he will touch dovn at the right point. This is the
most diffioult judgment to make, booause tho enly indication the pilot
has of his aiming point is that objeats hearer to him than point P
where the approach path outs the ground appear to him to move dowmwards
3 underneath ths fuselage, while objects further avay than P appesr to

E move upwards towards the horizon, Poiat P iz, of oourse, fixed with
respect to the horlzan, Of oocurse as woll as Judging the aiming
point, ths pattern formed by the rumwny and horizon must be one whioh

-3 -
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the pllot recognises to mean that he is at the right height to enable him
to oome in at his proper ‘speed., Vhen neither point P nor the horizon
is visible, the pilot has no visual means of Judging his point of touch
down, \mleal some special approach aid is provided.

4 Low intensity approach lighting systems

4ol If atmospherio conditions are such that lights m tho ground can be
seen from distances exvoeding a mlle or so, then any distant lights will
serve to give the pilot his horizon, and approaches ocan be made on the
funway lights alcne, provided the runway oun bo located. In the oaso
of aerodromes situated in built-up areas, finding the runway may be
made diffioult by extraneous lighting on the aerodrome itself and in
the surrounding streets. Even in olear weather this difficulty may be
appreciable because modorn runway lights are usually designed to
ooncentrate the light up and down the runway. These lights are dimmed
in olear weather in order to cbviate dazzlo when landing, with the
result that the intensity in direotions normal to the rumvay is reduced
to a negligible value, It has therefore been suggested that nmn-
instrument runways should be fitted with "low intensity® approach lights
covering a wide angle in azimuth, and having an intensity several times
greater than the highest intensities: normally found in strect lighting.
As these lights mark the cnd of the rummay to be used, they may be
regarded partly as a navigational aid, and partly as an approach aid.

4.2 If such lighizare used, the best arrangement for them is along the
extended centre line of the runvay, sinee with this arrangement, the
pilot knows he is in lins with the rumvay when the line of approach
lights appoars vertical, that is, when the perspeotive angle is zoro.
(Soo Figel for definiticn of "perspective anglo".) If the approach
lights were arranged in a line parallol with_ tho runway, then the
perspeotive angls would eontinually incroase as the height of the
airoraft decreascd, and as tho pilot has no means of knowing what this
angle should bs, it follows that the lights would not provide accurato
alignments Two lincs of lights symmetrically disposed about the
centre line form a satisfactory alignment cator, but are no better
for this purpose- than a single line up the middle, It is true that
the double 1line arrangement provides a height indication, but this by
itself is of no value because what the pilot requires to know when
making an approach is not his absoluto height, but his height in
relation to the distance from the point of touch dovm. This he gots
very accurately from the angle of approach indicator.

43 A typical low intensity system is shown in Figs. 7 to 12, which
are psrspective diagrams showing the views as soen by the pilot of an .,
aircraft approaching dovn tha centre line at an approach angle of 2§°
In this system, the lights areo arrangsd in groups of three, in order
to distinguish them from streot lights, to give some impression of
range; and to add to their effsotivs intensity when seen from leng
distancess The lights forming a group are mounted on the cross-bar
of a pole, 5 fest apart, the croas-bar being arranged transversely to
ths centre line of the runway. The projectore are pardbdlic troughs
with sodium lamps as sources, the idea being to utilise the high
effioiency of these sources as well as their distinctive colour. The
projectors would give an intensity of about 8000 candles, which is
about twice the highest intensity met with in stroet lighting, By

the two outer projeotors 45° outboard, an sngle of more than
1800 in azimuth could be coverod.

® These diagrams are all made for a perspeotive distanco of 10", and
to get a realistic impression from them, they should be held at this
distance in front of o eyc, the other eye being olosed.
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5 t of usefulness of low iptensity systems i

Bel The system described above will begin to be lnadequate when the

range of the angle: of approach indicator is leas than one mile, and .

will be of little use when the range has fallen to half a mile.

However, this oondition can be made to correspond with quite bad

weather by using an indicator of high intensity, that is, one giving .
- 10,000 candles or more in the red and green sectors. The range at,

"which such an indicator could be used will be half-a-mile in a

meteorological visibility of the order of 1000 yards in daytime, and

of the order of 350 yards at night. In conditions worse than this,

a pattern must be used which gives to the pilot the information which

. he previously obtained from the real horizon and the angle of approach

indioator, and which obviates the ambiguity between lateral error and

bank, which, as we have seen in paragraph 3.3 above, is assooiated

with lines parallel with the rumway.

6 High intensity approach lighting systems

6s1 A high intensity system may be defined as a system comprising

lights of over 10,000 candle povier, arra.nged in a pattern whioh enables

the pilot to muke an approach at night in meteorologieal visibilities

worae than 500 yards, the aireraft being brought down to a height of

‘200 feet or so and fed into tho lighting system by radioc. As a rough \

{ guide, it can be taken that the meteorological visibility at which

! ; ranges of the order of 1000 feet are cbtained from approach lights of { .
] between 10,000 tnd 10C,000 candle power is about threo times higher in . !

(

daytime than at nighte This meuns that if a high intensity system - .
oan be safely used at night down to-'a meteorological visibility of :
3 200 yards, it will be useful in daytime down to a meteorological
visibility of 600 yards, It is, of coursc, impossible to guess what
this lower limit will be for civil aircraft until thesec systems have
been in use for some time,

6.2 Vhen visibility is-near the limit at whieh approach lights coase
o be a useful aid, only a small umount of the vhole pattem will be
seen by the pilot vhen he first picks up the lights, Fig.l3 shows
the part of ‘the field of view within which the pattern will become
visible at various hecights when the range of the lights is 1000 feet,
and it will be notod that at 200 fcet, tho angular distanco in the
ahead direction is only 3%  The central problem is how to choose a
pattern whioh, when only a small strip of it is scen over tho coaming,
will convey to the pilot all the information he requires in order to
make those last-second adjustments to his hcight and heading which will
ensure that he touches down on the runway,

I R T

6.3 It would appeur that the only way in which cach strip of the
pattern ean be related to the touch down point is to derive the

pattern from a vee, the apex of vhich is at this point. Fig.l4 shows

a vee pattern, and Fig.15 shows perspective views of it from threo
points at diffcerent heighta, Any approach path such as AP, together
with the lines ¥Q and YQ may bo regarded as the edges of a tetrahedron,
and the inverted vee lines shown in the perspective diagram may be
regarded as its vertical cross-seciion. As all vertical eross-sections
are similar, it follows that the angle of the vee when scen in per- ,
H speotive is conatant for all points on any approach path passing through :
P. H

D e W g A e i s
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6.4 This property of the vee pattern is the basis of the "horizon bar"
b pattern shown in plan in Fig.16 and in perspeective in Fig,17. This
! consists of a line of lights along phe extended eentre line of the
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may, with bars of lighth. arranged at intervals across it the length |
. %f. each bar being proport:lcml to its distance from a certain seleoted
point on the runwy. miawouldnomnybethepointwhénthendio
glide path intersects the mmway. Vhen an aircraft is making an
q:proaoh down a path intersecting the runway at the selected polnt,
then each bar, as it diaappears underneath the coaming, will subtend
- the same angle at the pilots eye. If succeeding bars appear to
decrease in length, the aircraft is overshooting the selected point,
and if they inorease, the siroraft is undershooting. The pilot's task,
,then, is to note the length of the first bar which he sees, and then to
ﬂysou to keep the next bar about the same length.s It should be
partioularly noted that the pilot is not tied to an ideal approach
path fixed in space,

“E

6.5 An important advantage of this pattern is that it resolves the
oonfusion between lateral error and bank to which attention was drawn
in paragraph 3.3 above, This is due to the fact that the transverse
lines only appear to rotate apprecisbly when the aircraft banks,’

However large the errors in position, the bars always remain horisontal,
The distinotion is made olear in the diagrems shown in Figs.18 and 19.

6.6 Since the height indication is by a change in apparent length of |
..the bars, and since this is proportional to the change in the perspective

angle of the vee, the sensitivity of the indication will bé maximum when

the rate of ohange of the perspective angle is maximum, It oan easily \

be shown, (see para. 7 below), that the rate of ohange of the perspective

angle is maximum when tho approach is made at an angle equal to half the { #
actual angle of tho vee, Since the radio approach angle is about 250, 1 <
it follows that 5° is a suitable angle for the vee. I

6.7 Now if the bar consisted of lights spaced, say, 3 feet apart, then
the power oonsumption would be lerge, and wayloaves would cause
diffioulty. If, however, the bar is made up of groups of lights as
shown in Fig.20, not only is power saved, but an indication of range
can be given, This is achieved by dividing the bar into four equal
parts, two of which are AC and CD. If tho bar is then imagined Yo

YNNIV T
il

represunt the approach path, and if A is taken to represent the bogin~ :
. ning of the approach, and C thoe beginning of the runway, then the |
- length of the string of lights AB can be taken to roprosent the length
E of the approach path vhich has been traversod, Alternatively if some i
5 standard length of approach path is agreod upon internationally as being
represented by AC, then the first bar of a system which was half the 1
L standard length ooculd be made as shovm in Fig,20. 4
t,\ 6.8 As this pattorn is very distinctive, colour is not necossary in 4

order to differentiate it from street lights and other disturbing
patterns, It is proposed, however, that the lights along the oentre
line should bo yellow, so as to conform with the low intensity pattern
desoribed under paragraph 4 above, The low intensity pattern can
then be oonverted into a high intensity pattern by merely adding the
bars, and possibly changing the fittings.

"7  Runway Sighting : : ;
7.1 If the pilot has been ablo to use tho approach aids sucoessfully, t
the aircraft should arrive over the end of the runway at a height such ji
that the pilot's head is about 50 feet above the ground. After the
end of the rumvay has been crossed, tho pilot has no further need to

. relate his height to any particular point of touch dowm, and a pattermn

. which merely indicates height and direction, and perho.pa horizon, is

suffioient. A pair of parallel lines will, of coutrse, indi3ate height

Pt

L
AP
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’ ""'and direotion by means of the ohange in the perspective anglé © o
Pigs.21 and 22 show how the acouracy of this indication varies with
"height *h® for various spacings "2w" between the lines. These curves
are obtained as follows:~ 3 .

{ . e Y l -1'/h .
gt 8 . B, civing the famlly of curves shown ‘on Pig.2l,
dw w2 + 1
and 8 . z .
2w em—— giving the family of curves shomn on PFig.22,
dh w2 + h2 .

7.2 - Some valuable results can be obtained from an inspection of these
| 3 forimlae and the curves, and among these attention is drawn to the

+ following:=

(2) When h is large compared with w, lateral error is indicated with
m'wcgmy proportional to 1/h, and height with an accuracy proportiommal
to Vv, (3 ‘

(b) When h is smrll compared with w, lateral error is indicated with

| an y propo~ .. mal tc B/w2, and height with an acouracy proportianal
| §

! to 1/w, (This is the oase which is important for taxying.)

|
!
(c) 1If the most accurate indication of hoight is required at a particu-
{ lar height "h®, then the spacing should be 2h. : : (

(d) The height at which a pair of lines spaced at 2w gives the most
acourate indication of lateral error is equal tc we

7¢3 Af these recults, perhaps (h) is the most important because it
shows that the difficulty of Jjudging direction from the runway lights
when touching down varies directly as thc square of the distance between
the rows, and inversely as the height of the pilot's head. The pilot
of a small aircraft landing on a wide rumway will therefore receive
very poor indications of direction from the runway lights, and as in
poor visibility all cther indications are blotted -out, there will be a
conslderable danger of* swinging off the mmway. The reason why this
H is not generally realised is that in clear weather one gets about the {
world by choosing a successiocn of aiming points, not by following lines.
In poor vieibility, howcver, these aiming points are blotted out, near
cbjects become important, and one is reduced to "kerb crawling",

8 Scale effects in rumway lighting

8.1 Now a pilct iz only able to judge his height from a pair of

parallel lines provided he is familiar with the scale of the pattem. .

To take twc actual cascs, if in country A, the distancd between the )
rows is 200 feet, and the distance between lights 100 feet, and if in )
oountry B, the corresponding distances are 150 foet and 75 feet, then |
the runway in country B is a scale model of that in country A, the

scale being 1 tc 0.75  The rumway pattemn in country A, seen from

& any hoight "h" will therefore be identical with the pattern seen in

country B from a height of 0.75h, It follows that unless the pilot

can remember which pattern he is landing on, his judgment of height will

be in error by 0.25 h. : 1
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L]
8.2 There would seem to be only two ways of meeting this diffioulty.
One is to standardise a particular pattermn internationally, and call
on each oountry to adopt it on international airports. The other is to
call on each oountry to add a scale-~fixing pattern to the existing
pattern, this pattem to extend for an agreed distance on cither side
of the seleoted touch down point. This patterh could take'the form
of transverse bars, or lomgitudinal lines, but whatever pattemn 'is
chosen, it must be oompletely specified, This arrangemont ‘may; for
omnvenience, be called a "contact mat". The writer is of the opinion
that longitudinal lines are ‘preférable because of the increased accuracy
of the indiocations obtained at low heights. Fig.23 shows the principle
of the contaot mat applied to an existing British runway, and Fig.2 is 3
& perspeotive diagram of this mat as seen from a point 25 feet vertica.lly
ever the oentre line,

8.3 The writer is well aware of the fact that the installation of a
ocontaot mat necessitates the use of flush type lights, and that: this
type of light cannot be designed to give as high an intensity as the
elevated types An examdination of Fig.2) shows, however, that when K
the distance between rows is large compared with the height of the »
observer, then the range of the lights must increase in proportion

to the distance botween rows in order to givo equally good indications.
In bad visibility the range of a light soon ceases to increase
appreclebly with increase in intensity, from whioh it follows that

edge type lights will fail to give satisfactory indications when the
width of the runway exceeds a certain value. This value the writer
believes to be about 150 feet, which is the standard width used through-
out this oountry. The intensities which have already been obtained
from flush type lights, i.es up to about 5000 candles, are sufficient
for the purpose of the oontact mat.

- WY

-
-

9 Caonclu remarks 5’3
9«1 It is again emphasised that this roport is merely an interim ;
report on an unfinished piece of vork, and that it has only been
released at this stage firstly becousc it moy stinmlate discussieon, <9
and secondly because it points the way to further oxperiments whioh,
it is hoped, will provide a solution to this problem, the urgency "
of which has been demonstrated by the accidents which have marred the o
history of international civil aviation during tho current winter. 4
1
Attached:= Fig.1 - Drg.No. FL.15265 ; |
Fige.2 to 6 = EL. 15269 3
" 7&8 -« "™ " EL15270 .
" 94&10 - "™ " §L,15271 '?
" 11412 ~« " " FEL.15272 "
Mapgel3 - " " FL.15273
Figos.ly &15 -« " " EL.15274 ‘}
* 16417 - " " EL.15275 pr
" 18419 - " " EL15276 o
Fig. 20 - " " EL.15277
" 21 - " " FL.15278
"2 - " " EL.15279
Figse23& 24 - " " EL.15280
-8 -
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F FIG. 2 — 6.

HORIZON _LiNg A &
I e BUNIAY - _—-’!I W
P
= = — e~ = L
-- - - - = &~ - — B
F1G.2. PLAN & ELEVATION SHOW FT_APPROACHING NWA
n HI HORI 20N
H [ A
SIGHTING LINE f I
N ! I
*® I | f \
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CORRECT HEADING o NO BANK . ARCRAFT HEADING 2° TO LEFT, NO BANK.
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F16.S5. VIEW FROM POSITION A,
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FIG.B. VIEW FROM 400FT.,(9200 FROM Touch). i
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FIG.9. VIEW FROM 300, (6900 FROM TOUCH).
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FIG.IB& 19
e g '] § womzon 2' 18’ _20°

APPROACH ANGLE 24,
LATERAL _ERROR_EGUAL TO HEIGHT. 4
AIRCRAFT HEADING PARALLEL TO RUNWAY.

1
| { FIG.18. PATTERN SEEN FROM STATION POINT TO LEFT OF &,
{

HORIZON OMITTEZD TO SHOW THAT
BANK IS OBVIOUS WITHOUT IT,

F1G.19. PATTERN SEEN FROM STATION POINT ON 25 APPROACH PATH,
STATICN POINT VERTICALLY ovER &,
20° BANK , RIGHT WING DOWN.
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